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Abstract. 1. During the 2009-2010 overwintering season and following a 15-year 
downward trend, the total area in Mexico occupied by the eastern North American 
population of overwintering monarch butterflies reached an all-time low. Despite an 
increase, it remained low in 2010-2011. 

2. Although the data set is small, the decline in abundance is statistically signifi- 
cant using both linear and exponential regression models. 

3. Three factors appear to have contributed to reduce monarch abundance: degra- 
dation of the forest in the overwintering areas; the loss of breeding habitat in the Uni- 
ted States due to the expansion of GM herbicide-resistant crops, with consequent loss 
of milkweed host plants, as well as continued land development; and severe weather. 

4. This decline calls into question the long-term survival of the monarchs’ migra- 
tory phenomenon. 

Resumen. 1. Durante la temporada invernal 2009-2010, y siguiendo una tenden- 
cia a la baja de 15 anos, la superlrcie total ocupada por mariposas monarca en 
Mexico, provenientes del este America del Norte, llego a su punto mas bajo. A pesar 
de su incremento, dicha superficie siguio siendo baja en 2010-2011. 

2. Aunque que el conjunto de datos disponibles es aun pequeno, esta disminucion 
de la abundancia de mariposas es estadisticamente significativa, tanto si se usan 
modelos de regresion lineales como exponenciales. 

3. Hay tres factores que parecen haber contribuido con esta tendencia de reduc- 
tion del numero de mariposas: la degradation de bosque en las areas de in vernation 
en Mexico; la perdida de habitat de reproduction en los Estados Unidos, debido a la 
expansion de cultivos geneticamente modificados resistentes a herbicidas, con la 
consiguiente perdida de las plantas hospederas de algodoncillo, y por continuos 
cambios en el uso del suelo no favorables para ellas; y, las recientes condiciones cli- 
maticas severas. 

4. Esta disminucion hace que nos cuestionemos sobre la posibilidad de superviven- 
cia a largo plazo del fenomeno migratorio de las mariposas monarca. 
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The decline in monarch abundance 

Wilcove (2008) has warned of the potential collapse of numerous 
animal migrations, including the unique migration and overwin- 
tering biology of the eastern North American population of the 
monarch butterfly, Danaus plexippus L. (Lepidoptera: Danai- 
nae). During the 2009-2010 season and following a 15-year 
downward trend, the total area of overwintering colonies 
reached an all-time low (Rendon-Salinas et al., 2010; Fig. 1). 
Yearly monarch abundance is assessed by measuring the com- 
bined area occupied by all known overwintering colonies in 
Mexico, and these data have been published online by World 
Wildlife Fund-Mexico since the 1994-1995 overwintering sea- 
son, with data to 2001 also available in Garcia-Serrano et al. 
(2004). The average area occupied by the butterflies over the past 
17 years is 7.24 ha, with a maximum of 20.97 ha during the 
1996-1997 season and a minimum of 1.92 ha during the 2009- 
2010 season, and recovery to only 4.02 ha during the 2010-201 1 
season (Rendon-Salinas et al., 2011). The 1996-1997 overwin- 
tering season was monitored by Garcia-Serrano and Mora-Alv- 
arez (1999) and also by a separate federal team of investigators 
(PROFEPA) (reference in Bojorquez et al., 2003), and we are 
confident that it was the largest recorded over the 17 years for 
which we have an adequate database. All of the past 7 years 
have been below the 17-year average. We have analysed these 
data and found that the decline is statistically significant. 

To assess the time dependency of the measurements of colony 
area, we considered two regression models using the 17 years’ 
data from Rendon-Salinas et al. (2010, 2011), with 1994 as year 
1 : a linear model, because it provides the simplest relationship 
between the time and area variables, and an exponential model, 
because it is the model frequently used to analyse population 
growth. We first examined the data for independence of succes- 
sive years’ measurements and found no evidence of autocorrela- 


tion (Durbin-Watson test, 4-d = 1.538, with critical dU = 
1.371; P > 0.05). Both linear and exponential regressions 
showed a significant decline in total colony area (Fig. 1; analy- 
sed with SPSS 2010): the linear model v = 11 .89-0. 52.v was sig- 
nificant at P — 0.018, with F 115 = 6.989, and the exponential 
model y = 11.52e (_0071jc) was significant at P = 0.015, with 
F] i 5 = 7.601. The r 2 values were 0.318 and 0.336, respectively. 
We also ran polynomial regression models, but they did not 
increase r. 

Reliable information on colony sizes and locations is available 
since the 1994-1995 overwintering season; earlier information 
was gathered on increasing numbers of colonies as they were dis- 
covered by diverse groups of investigators with variable exper- 
tise. Even though the data span only 17 years, the decline is 
statistically significant. The regressions remain significant when 
either extreme measurement (high in 1996-1997 or low in 2009- 
2010) is removed (linear model, P = 0.032 or 0.042; exponential 
model, P = 0.040 or 0.049). We believe that all the measure- 
ments we have analysed are reasonably reliable. Continued 
monitoring will, of course, strengthen conclusions about trends 
in monarch abundance. 


Factors leading to declining abundance 

Three factors are implicated in the downward trend in the mon- 
arch’s abundance: (i) the loss of and reduction in quality of criti- 
cal overwintering habitat in Mexico through extensive illegal 
logging; (ii) the widespread reduction of breeding habitat in the 
United States due to continuing land development and the kill- 
ing of the monarch’s principal larval foodplant, the common 
milkweed Asclepias syriaca L. (Asclepiadaceae), because of 
increased use of glyphosate herbicide to kill weeds growing 
in genetically engineered, herbicide-resistant crops; and (iii) 
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Fig. 1 . The total annual area occupied by overwintering monarch butterflies from 1994 through 2011 has declined significantly, with the 
all-time smallest area reported during the 2009-10 overwintering season. The dashed line shows the 17-year average (7.24 ha). Both linear 
(upper) and exponential (lower) regression lines are included (see text for regressions). 
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periodic extreme weather conditions, such as those that occurred 
most recently in 2009, that decrease both the spring breeding in 
Texas and the subsequent spring and summer breeding genera- 
tions in the eastern USA and southern Canada. 


Forest degradation 

On the 12 known massifs that host the butterfly colonies in 
Mexico (Slayback et al. , 2007), illegal logging has eliminated 
overwintering habitats on several and severely degraded them 
on others. For example, between 1971 and 1999, 44% of the 
high quality over-wintering forest was degraded within the area 
that became protected as the Monarch Butterfly Special Bio- 
sphere Reserve by presidential decree in 1986 (Brower et al., 
2002). Then, between 2001 and 2009, after the new 2000 presi- 
dential decree enlarged the Reserve core zone to 13 552 ha, 
1349 ha (10%) were severely degraded or clear cut (Anony- 
mous, 2009). Colony areas that have been entirely lost include 
several on the north face of Cerro Pelon (Ramirez et al, 2008; 
L.P. Brower & D. Slayback, unpubl. aerial reconnaissance and 
satellite imagery) and at least three areas in the Lomas de Apara- 
cio area on the southern portion of the Sierra Campanario 
(Brower et al., 2008). Colony areas that have been logged to the 
point at which few monarchs still aggregate include the west face 
of Cerro Pelon and the south face of Cerro Altamirano. Even 
the two principal ecotourism colony areas, Rosario and the 
Sierra Chincua, have been degraded by incremental logging over 
the past two decades (L.P. Brower, in prep.). 


Loss of breeding habitat in the United States 

Seiber et al. (1986) and Malcolm et al. (1993) determined 
through thin layer chromatography that 85 and 92%, respec- 
tively, of 394 and 382 overwintering monarch butterflies in Mex- 
ico had fed as larvae on the Common Milkweed, Asclepias 
syriaca. The importance of A. syriaca reflects history of the land- 
scape. A rich pre-colonial milkweed flora was widely distributed, 
with 29 species of Asclepias, most of them grassland species 
(Woodson, 1954; Hartman, 1986) native to the late summer 
breeding range of the monarch (Malcolm et al., 1989, 1993; 
Wassenaar & Hobson, 1998). However, ploughing of the prai- 
ries and deforestation led to an increase in the distribution and 
abundance of A. syriaca (Brower, 1995), which Woodson 
referred to as the pre-eminent weedy North American milkweed. 
Now with an increasingly patchy distribution, this species is the 
dominant milkweed in the monarch’s eastern North American 
breeding range. 

A survey in 1999 of habitats containing this milkweed species 
showed that the number of monarchs produced per ha in maize 
(corn) and soya (soybean) fields was as high or higher than that 
of other habitats (Oberhauser et al., 2001). Genetically modified 
glyphosate resistant (GR) soya and maize (e.g. Monsanto’s 
Roundup Ready crops) were rapidly adopted by growers after 
1999, resulting in a significant reduction of A. syriaca and the 
loss of monarch breeding habitats in these croplands. Much of 
the combined acreage of soya and maize (60-70 million ha per 


year) is used in rotation, and this rotation in combination with 
the high adoption rate of GR soya ( > 70% by 2002, presently 
92%) and maize (presently 23%) (U.S.D.A., 2010a) has all but 
eliminated A. syriaca from 40 million ha of these croplands 
(Taylor, 2008). Both Hartzler (2010) and J.M. Pleasants (in 
prep.) have documented the drastic reduction of A. syriaca 
growing in glyphosate-treated fields in Iowa; Hartzler recorded 
a 90% loss from 1999 to 2009, and Pleasants measured a 79% 
loss from 2000 to 2009. We conclude that, because of the exten- 
sive use of glyphosate herbicide on crops that are genetically 
modified to resist the herbicide, milkweeds will disappear almost 
completely from croplands. Furthermore, Zalucki and Lammers 
(2010) have estimated with models that the large-scale elimina- 
tion of milkweeds in agricultural and surrounding landscapes 
has the effect of increasing the search time for host plants by 
monarch females with the result that realised fecundity is 
reduced. 

In addition, milkweed habitat has been lost due to increasing 
demand for biofuels. Conservation Reserve Program (CRP) 
area has been decreased by 2.3 million ha since 2006 (U.S.D.A., 
2010b) and as yet undetermined but large areas of grassland and 
rangeland have been converted to biofuel crops, especially maize 
(Stubbs, 2007). Over this same interval, maize and soya planting 
increased by more than 5 million ha (U.S.D.A., 2010a, and pre- 
vious year reports from the USDA National Agricultural Statis- 
tics Service). Coupled with the habitat lost to development, 
which has been calculated as nearly 1 million ha each year from 
1992 to 2007 (U.S.D.A., 2003, 2009), these losses add to at least 
56 million ha (roughly 220 000 square miles). This is more than 
one-fifth of the estimated eastern North American summer 
breeding range of the monarch (Brower, 1999). The cost to the 
monarch population of habitat loss due to GR crops, increased 
planting of maize and soya, in addition to development is surely 
significant. 


Extreme weather 

Severe cold threatens the survivorship of overwintering mon- 
archs, and spring and summer weather that is too cold or too 
hot lowers breeding season survivorship and fecundity and alters 
larval growth rates. In the spring of 2009, first-generation mon- 
archs in Texas were negatively affected in March by above nor- 
mal temperatures. Subsequent low temperatures in the com 
(maize) belt, the third lowest in 42 years, limited growth of the 
summer generations. These climatic factors severely reduced the 
numbers of butterflies in the fall migration to Mexico (Taylor, 
2009). 

Then, during the 2009-2010 overwintering season, the butter- 
flies were subjected to a record-breaking amount of precipitation 
during the dry season (Brower et al., 2010). From 31 Oct 2009 
through 31 Mar 2010, 577 mm of precipitation fell, compared 
to 40 mm and 20 mm over the same time span for the previous 
two seasons, as recorded by the electronic weather station 
(Model 232; WeatherHawk, Logan, UT, USA) we established 
on the Sierra Chincua at the El Llano las Papas Field Station 
(100°16'5"W, 19°39'42"N). This station is at the same elevation 
(3160 m) and 2-4 km from a principal overwintering area 
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(Brower et al., 2009). From 31 January to 4 February 2010, the 
WeatherHawk recorded 360 mm of rain. Associated heavy 
winds blew down hundreds of oyarnel fir trees in the core zone 
of the Reserve (pers. obs., Mar 2010). A low temperature of 
-3.2 °C occurred as the skies cleared immediately after the 
storm; the second morning, after the butterflies had dried, the 
temperature dropped to -6 °C. 

The 5-day storm caused major flooding, landslides, structural 
damage, and loss of human life (Elorriaga, 2010). Local observ- 
ers (e.g., Rodriguez, 2010) reported that high winds associated 
with this and several less severe storms scattered the butterflies 
from their bough and trunk clusters. According to Anderson 
and Brower (1996), the low temperature recorded immediately 
after the storm could have killed 5-10% of the wetted butterflies. 
Had the drop to -6.0 °C occurred while the butterflies were still 
wet, rather than on the second morning when they were dry, 
more than 90% mortality could have occurred. Interviews of sci- 
entists, tour leaders, and tourists who visited the overwintering 
monarch colonies subsequent to the stonn led Taylor (2010) to 
conclude that 50% of the monarchs died. Thus, this storm, com- 
bined with the lowest number of overwintering monarchs yet 
recorded, could have resulted in such a reduction in the number 
of remigrating spring butterflies that recovery of the eastern 
North American population would have required several breed- 
ing seasons. Nevertheless, the butterflies increased to 4.02 ha in 
2010-2011, although this value is still well below the 17-year 
average of 7.24 ha. The frequency of severe precipitation events 
is likely to increase with climate change (Oberhauser & Peterson, 
2003; IPCC, 2007). 


Outlook 

The unique migratory phenomenon of the monarch butterfly 
has been designated as an endangered biological phenomenon 
(Brower & Malcolm, 1991). Concerns about breeding habitat 
and overwintering forest habitat loss were central issues in a 
Commission for Environmental Cooperation conference held in 
Morelia during December 2007 that led to the North American 
Monarch Butterfly Conservation Plan (Oberhauser et al., 2008). 
Increasing international interest in the North American mon- 
arch phenomenon also led to the designation on 8 July 2008 of 
the Monarch Butterfly Biosphere Reserve as a World Heritage 
Site (Anonymous, 2008). In this paper, we have presented an 
analysis of the long-term trend in monarch abundance, a decline 
that exists despite some fluctuation year-to-year. The combina- 
tion of lowered numbers of fall migrants, the illegal logging in 
the overwintering region, the severe losses of breeding habitat 
due both to GM crops and development, and the near miss of 
catastrophic mortality by the 2010 stonn suggest that better 
stewardship is needed to assure the future of the monarch migra- 
tory phenomenon. 
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